. dac-1 is exhybridized with mRNA isolated and amplified in three pressed in a subset of sensory neurons including the independent experiments. As controls for our analysis, AFD neurons and is regulated by the TTX-1 OTX hoarrays were further hybridized with amplified mRNA isomeodomain protein [2]. On thermal gradients, dac-1 lated from unsorted embryonic cells. Gene expression mutants fail to suppress a cryophilic drive but continue profiles of independent replicates were highly correlated to track isotherms at the cultivation temperature, rep-(Figures S1 and S2 in the Supplemental Data available resenting the first genetic separation of these AFDwith this article online), indicating good overall repromediated behaviors. Expression profiling of single ducibility among independent experiments. neuron types provides a rapid, powerful, and unbiased To identify neuron-specific genes, we selected genes method for identifying neuron-specific genes whose with an arbitrary 2-fold or higher ratio of differential exfunctions can then be investigated in vivo.
, representing a 140-fold tory and AFD thermosensory neurons. The expression enrichment. For each experiment, mRNA was isolated patterns of subsets of these genes were further verifrom approximately 20,000-50,000 sorted cells and amfied in vivo. Genes identified by this analysis encode plified linearly through two rounds of amplification. Affy-7-transmembrane receptors, kinases, and nuclear facmetrix microarrays containing the majority of open readtors including dac-1, which encodes a homolog of the ing frames predicted by the C. elegans genome were highly conserved Dachshund protein [1] . dac-1 is exhybridized with mRNA isolated and amplified in three pressed in a subset of sensory neurons including the independent experiments. As controls for our analysis, AFD neurons and is regulated by the TTX-1 OTX hoarrays were further hybridized with amplified mRNA isomeodomain protein [2] . On thermal gradients, dac-1 lated from unsorted embryonic cells. Gene expression mutants fail to suppress a cryophilic drive but continue profiles of independent replicates were highly correlated to track isotherms at the cultivation temperature, rep-(Figures S1 and S2 in the Supplemental Data available resenting the first genetic separation of these AFDwith this article online), indicating good overall repromediated behaviors. Expression profiling of single ducibility among independent experiments. neuron types provides a rapid, powerful, and unbiased To identify neuron-specific genes, we selected genes method for identifying neuron-specific genes whose with an arbitrary 2-fold or higher ratio of differential exfunctions can then be investigated in vivo.
pression. Using this criterion, we identified 58 and 108 genes as being differentially expressed in the AWB and Results and Discussion AFD neurons, respectively (the complete data set is shown in Table S1 ). As a first step in data validation, In principle, genes expressed in an individual sensory the expression of genes that were previously reported to neuron type in C. elegans could be identified via comparbe differentially expressed between these neuron types ison of the expression profiles of wild-type and mutant were examined. 6/11 genes previously reported to be animals in which a specific neuron type fails to differentiexpressed in the AWB but not the AFD neurons were ate or is not generated. However, mutations in most identified as being differentially expressed in this analydevelopmental genes affect multiple cell types, and sis (Table 1) . Conversely, 4/10 genes reported to be moreover, genes expressed in only two of approximately expressed in the AFD but not the AWB neurons were 950 cells in the adult C. elegans hermaphrodite cannot detected (Table 1) . Failure to detect the remaining genes be detected via conventional microarray methods. Therecould be due to several reasons. Genes such as str-1 fore, to identify sensory neuron-specific genes, we utiwere not identified due to misannotation of their sequences in the databases or failure to be included on expressed at low levels. It is also likely that the pre- Newly identified genes whose expression patterns were examined in this study are underlined. Additional genes are previously described genes whose differential expression was confirmed by this analysis. The AFD dataset was used as the control and AWB dataset as the experimental values. In addition to the shown genes, expression ratios of the following genes were also examined. Previously reported to be expressed in AWB but not AFD: lim-4, str-1, ace-2, tbx-2, str-219. These were not found to be differentially expressed at a Ն2.0-fold ratio between the AFD and AWB datasets. Previously reported to be expressed in AFD but not AWB: ceh-23, egl-2, dbl-1, ceh-14, nlp-21, tax-6. These were not found to be differentially expressed at a Ն2.0-fold ratio between the AFD and AWB datasets. Known to be expressed in both AFD and AWB (sensory genes): tax-4, osm-6, tax-2, osm-5. These were not found to be differentially expressed at a Ն2.0-fold ratio between the AFD and AWB datasets but were expressed at a Ն2.0-fold ratio in the (AFD ϩAWB) dataset when compared to the unsorted cell dataset (Table S2) . Likely expressed in both AFD and AWB (pan-neuronal or primarily neuronal genes): unc-14, snt-1, unc-104, slo-1, daf-19, syd-1, unc-13. These were not found to be differentially expressed at a Ն2.0-fold ratio between the AFD and AWB datasets but were expressed at a Ն2.0-fold ratio in the (AFD ϩAWB) dataset when compared to the unsorted cell dataset (Table S2) . Non-neuronal genes: hsp-16.2, unc-122, myo-3, act-5, elt-2, zig-7. These were not found to be differentially expressed at a Ն2.0-fold ratio between the AFD and AWB datasets but were expressed at a Ն2.0-fold ratio in the unsorted cell dataset when compared to the (AFD ϩAWB) dataset (Table S2 ). The complete list of genes differentially expressed between AFD and AWB and between (AFD ϩAWB) and unsorted cells is shown in Tables  S1 and S2, viously reported expression patterns for a subset of set (Table S2 ). In addition, several nonneuronal genes were not detected as being differentially expressed bethese genes were incomplete. In particular, embryonic expression patterns have not been examined in detail tween the AWB and AFD datasets (see Table 1 legend). As shown in Table 1, Table S1 , and Figure S3 , genes for most genes. We also examined the expression of four genes shown to be expressed in and required for predicted to be differentially expressed between the AFD and AWB neuron types encode members of differthe sensory responses of both the AWB and AFD neurons, as well as seven genes encoding molecules reent protein families, including seven transmembrane domain receptors, transcription factors, kinases, and quired for general neuronal functions (see Table 1 legend). None of these genes were predicted to be signal transduction molecules. To verify the predicted differential expression, we examined the in vivo expresdifferentially expressed between the AWB and AFD neuron types, although expression of these genes was sion patterns of subsets of these genes. We selected genes predicted to be differentially expressed at differupregulated when compared to the unsorted cell data-rons to seven [5, 7] (this work). Because many C. elegans genes contain additional regulatory elements in their intronic sequences, we confirmed the spatial expression pattern by examining expression of gfp-tagged olfactory receptor genes. These fusion genes contain upstream regulatory sequences as well as all predicted introns. GFP-tagged proteins were localized to the specialized and unique ciliary endings of only those sensory neurons identified via expression of promoter::gfp fusion genes (Figure 1) . Localization of these proteins to the cilia implicates these receptors in primary signal transduction events. Although a subset of these olfactory receptor genes are located in a cluster on LG IV, additional AWBexpressed receptor genes identified in this analysis are located elsewhere in the genome, indicating that these genes are not coregulated. AFD neuron type: We examined the expression pattern of eight genes via promoter::gfp fusions. Six out of eight genes were expressed in the AFD neurons ( Figure 2 and Table 1 ). With one exception, none of the examined genes were expressed in the AWB neurons. dgk-3 encodes a predicted diacylglycerol kinase and was expressed in both the AFD and AWB neurons ( Figure 2C ). However, in four of four examined independent transgenic lines, Ͼ65% of transgenic animals expressed dgk-3 more strongly in the AFD than in the AWB neurons (Figure 2D) . Stronger expression in the AFD as opposed to the AWB neurons was further validated by real-time PCR (Table 1) . It is possible that we did not detect expression of a subset of examined genes in the appropriate cell type because we failed to include all regulatory sequences in the fusion constructs. Alternatively, these genes may be expressed transiently in the AFD or AWB neurons at specific developmental stages or under specific environmental conditions. Taken together, the in vivo expression pattern analysis validates the microarray data, and suggests that we have identified new (Table 1) . Three of the AWB-3C), although additional domains are poorly conserved. expressed genes are predicted to encode candidate A GFP-tagged DAC-1 fusion protein is expressed strongly olfactory receptors, bringing the total number of olfacin the AFD and weakly in the AWC, ASE, and ASK chemosensory neurons in the head and is nuclear localized tory receptors shown to be expressed in the AWB neu-generated via RT-PCR indicated that gk211 is a deletion that is predicted to encode a truncated protein lacking the DD1 domain ( Figure 3A) . Predicted alternate transcription/translation start sites are also deleted in gk211. In the gk198 and gk213 alleles, alternate start sites are retained, and transcripts predicted to encode proteins retaining most DD1 sequences were detected. Thus, gk211 is likely a null allele.
We further examined the role of dac-1 in the development and function of the AFD neurons. We have previously shown that differentiation of the AFD neurons requires the TTX-1 OTX-like homeodomain protein [2] . In ttx-1 mutants, expression of genes such as the gcy-8 guanylyl cyclase and tax-2 cyclic nucleotide-gated channel subunit genes is abolished in the AFD neurons, and the structures of the specialized microvillar sensory endings of the AFD neurons are severely compromised [2, 19] . We found that although expression of a ttx-1::gfp transgene in the AFD neurons was unaffected in dac-1 mutants, dac-1 expression in the AFD neurons was regulated by TTX-1 (Table S3) . However, unlike ttx-1 mutants, the structures of the sensory endings of the AFD neurons was unaffected in dac-1 mutants (data not shown). Moreover, the expression of gcy-8::gfp and tax-2::gfp fusion genes was also unaltered in dac-1(gk211) animals (Table S3 ). These results indicate that DAC-1 may act downstream of TTX-1 to regulate a distinct subset of AFD-mediated functions.
When grown at a specific temperature in the presence of its bacterial food source, C. elegans forms a memory of the cultivation temperature (T c ). This memory modulates the behavior exhibited by worms when placed subsequently on a thermal gradient such that animals encountering ambient temperatures (T a ) Ͼ T c exhibit a cryophilic drive toward the T c , although animals at T a Ͻ T c do not exhibit an equally robust corresponding thermophilic drive [20] [21] [22] . When T a is within 2Њ-3ЊC of T c , animals track isotherms [20] [21] [22] . Animals lacking AFD neuronal function primarily exhibit a constitutive cryophilic drive regardless of T c and fail to track isotherms at any temperature [2, 21] . These results suggest that at T a Ͻ T c , the AFD neurons may suppress a cryophilic drive whereas at T a ϭ T c , the AFD neurons promote isothermal tracking. Whether these behavioral outputs are mediated by distinct or shared sets of genes is unknown. Unexpectedly, while dac-1(gk211) mutants exhibited a significant cryophilic drive both above and 
